Introduction {#cesec10}
============

The use of systemic anticancer therapies (SACTs) has increased substantially in the past three decades.[@bib1], [@bib2] SACTs were previously only used to treat a small number of cancer types, but are now used routinely in many patients with common solid cancers.[@bib1], [@bib2], [@bib3], [@bib4] There is huge potential to improve patient care if the outcomes of these patients can be monitored more effectively, and if clinicians better understand the outcomes that are achieved with current approaches to treatment.

SACTs can be given with the aim of improving long-term survival, either alone or in combination with surgery or radiotherapy. They can also be given for palliative purposes, to improve the quality of life for patients with advanced incurable cancers for as long as possible by controlling cancer growth and providing symptom relief. For some patients, this approach might also increase survival time.

Patients dying within 30 days after beginning treatment with SACT are unlikely to have gained the survival or palliative benefits of the treatment, and in view of the side-effects sometimes caused by SACT, are more likely to have suffered harm. In particular, the risk of neutropenic sepsis (infection resulting from low blood neutrophil count, probably the most important cause of SACT-related death) is highest in the 30 days after SACT, peaking at around 11--15 days after treatment.[@bib5] SACT cycles are typically 21 or, less commonly, 28 days long, so death from neutropenic sepsis from the previous treatment is captured within the 30-day mortality metric. Simply reducing doses of or avoiding SACT altogether would reduce or eliminate instances of treatment-related early mortality, but at the cost of some patients being denied effective SACT and hence the survival and palliation benefits.

Research in context**Evidence before this study**We searched PubMed for articles published up to Feb 29, 2016, reporting on 30-day mortality after chemotherapy for breast and lung cancer. We used the search terms "30-day mortality" or "early mortality"; "breast cancer" or "lung cancer"; and "systemic anti-cancer therapy" or "chemotherapy". No languages were excluded from our search. We also consulted leading clinicians in this specialty for relevant, recent published work.We identified four studies investigating the factors associated with high 30-day mortality following anticancer treatment in patients with a range of cancers including breast and lung, and two recent clinical trials that reported on 30-day mortality after treatment with current standard treatments for breast and lung cancer.The four studies identified were all regional rather than national, and the clinical trials were done in selected groups of patients (restricted to certain age and performance status ranges or with limited comorbidities) so the results do not necessarily apply to the national cancer patient population in England. We also identified previous published work that showed variation in 30-day postoperative mortality between trusts using funnel plots.**Added value of this study**This study reports on patient, tumour-related, and treatment-related factors associated with 30-day mortality after systemic anticancer treatment. We studied the diverse populations of patients with breast and lung cancer in England throughout 2014 using data from the newly available Systemic Anti-Cancer Therapy (SACT) dataset. We also presented patient volume and 30-day mortality rates at the level of hospital trusts as funnel plots. To our knowledge, this is the first time this topic has been investigated at a national level.**Implications of all the available evidence**This study shows that the SACT dataset provides insight into the factors affecting early mortality of patients in England. It suggests that treatment intent (curative or palliative), age, performance status, whether patients had received SACT before the qualifying treatment used for this study, and sex and stage (lung cancer only) all affect the 30-day mortality risk. The discrepancies between patient categories for each of these factors point to opportunities for improvements in care. The identification of hospitals with significantly higher 30-day mortality rates will promote review of clinical decision making in these hospitals. The findings presented here could be used to improve clinical outcomes.

To maximise the benefits of SACTs it is therefore important to gain a more detailed understanding of how the many different patient and tumour characteristics can predict patient outcomes, such as the risk of early mortality. Only a small number of local observational studies have assessed 30-day mortality after SACT, but each has pointed to areas in which patient care could be improved.[@bib5], [@bib6], [@bib7], [@bib8]

Treatment-related early mortality is also commonly measured in clinical trials of SACT, but, by necessity, patient cohorts are often selected on the basis of protocol-driven inclusion criteria---eg, within a certain age range, good performance status, or limited comorbidities.[@bib9], [@bib10] The findings from these trials are therefore less reliable estimates of treatment-related early mortality in the groups not included from the general cancer patient population. There is thus a clear need to make use of population-based data to establish 30-day mortality benchmarks for the full range of patient types, to investigate how patient and treatment-related factors affect the risk of 30-day mortality, and to identify differences between provider trusts to help improve clinical outcomes.

Here we examine factors that affect the risk of 30-day mortality in patients with breast and lung cancer in 2014 using data collected from NHS hospital trusts across England in the SACT dataset. The proportion of patients dying within 30 days of receiving SACT is potentially linked to poor clinical decision making. This outcome measure allows us to better understand the factors that predict early mortality and identify the patients for whom treatment could potentially be improved. We additionally characterised the extent of variation in 30-day mortality rates between hospital trusts in England, and identified those with significantly higher 30-day mortality rates. This is the first time, to our knowledge, that 30-day mortality following recently reported SACT has been investigated on a large scale in a population that reflects the real diversity of patients with breast and lung cancer being treated in the National Health Service (NHS) in England.

Methods {#cesec20}
=======

Study design and data {#cesec30}
---------------------

This population-based, observational study[@bib11] included all breast and lung cancer patients aged 24 years and older reported to have received SACT in England between Jan 1, and Dec 31, 2014, according to the SACT dataset, irrespective of the number of previous treatment cycles or programmes, and irrespective of their position within the disease trajectory.

The SACT dataset is a new resource at Public Health England, which started a phased implementation in 2012, and which collects information reported routinely by NHS hospital trusts about the treatment of cancer in England[@bib12] in four key areas: patient and tumour characteristics including age, sex, morphology, and performance status; hospital and consultant details, including General Medical Council (GMC) number; treatment characteristics including drug names and drug combinations (regimens); and outcome fields including date of most recent treatment and date of death (when applicable).

The [appendix](#sec1){ref-type="sec"} provides the full data standard, including a description of all 43 items recorded, with data field formats as described in the NHS Data Dictionary[@bib13] ([appendix p 1](#sec1){ref-type="sec"}). Several data items are mandatory and submissions that omit them are rejected. These are primary patient and hospital trust identifiers (NHS number, birth date, postcode, SACT provider organisation code) and key treatment details (SACT regimen name, regimen start date, and cycle number).

Phased introduction of data entry started in April, 2012. Monthly data submission has become mandatory for all trusts in England from April, 2014. By January, 2014, 141 (95%) of 148 trusts were routinely submitting at least the mandatory data items; because of trust mergers, the total number of trusts expected reduced to 147 by July 2014. We selected a reporting period of January to December, 2014, because this was the most complete calendar year of data that was available at the time this analysis was completed.[@bib14] This reporting period also allowed linkage with the English National Cancer Registration and Analysis Service (NCRAS), which improved data completeness when morphology, stage at diagnosis, and dates of death were missing from the SACT dataset.

Treatment and patients {#cesec40}
----------------------

We defined SACT as any cytotoxic chemotherapy, active anticancer therapies such as monoclonal antibodies (eg, trastuzumab), and targeted biological treatments such as EGFR tyrosine kinase inhibitors. We excluded endocrine therapy and supportive therapy treatments such as bisphosphonates, denosumab, and anti-emetics. We did not distinguish between patients receiving combined chemo-radiotherapy and those receiving chemotherapy only, as this was poorly recorded in the SACT dataset at this stage.

We examined data for breast and lung cancer patients (identified by the clinical codes in [panel 1](#box1){ref-type="boxed-text"}) because both had good data completeness in the SACT dataset; in 2014, data had been submitted for 18 976 (94%) of 20 265 patients with breast cancer and 13 405 (92%) of 14 527 patients with lung cancer who were reported to have commenced chemotherapy.[@bib13] We provide descriptive statistics on small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC) separately, based on morphology data (supplemented from cancer registry data where missing from the SACT dataset) because these cancer types generally require different treatment strategies. We completed regression analysis on NSCLC, but not SCLC, because there were too few patients (n=3352) for robust statistical analysis in that group. We excluded from our regression analysis all patients for whom the start date of their last reported cycle of SACT was not reported because this precluded an assessment of 30-day mortality.

Outcomes {#cesec50}
--------

Of the patients with breast or lung cancer reported to have received SACT in England between Jan 1, 2014, and Dec 31, 2014, we identified those that died within 30 days of SACT (from all causes, including iatrogenic deaths or those due to disease progression) by calculating the time between the start date of the most recently reported SACT cycle in 2014 and, when relevant, the date of death for each patient. Cycle start date was defined as the day that the patient started receiving SACT treatment in that cycle irrespective of cycle length or route of administration. From this, we calculated a national 30-day mortality rate by dividing the number of patients that received SACT within 30 days of their death by the total number of patients that received SACT in the reporting period. The analysis of 30-day mortality was only done using the most recent cycle of SACT if a patient received multiple cycles in the year. Patients receiving multiple treatments in the year were counted only once in the dataset. We mainly used the date of death as reported for a patient through SACT dataset returns, but when that was unavailable, we extracted it from records in the NCRAS. All patients were traced through the NHS Demographics Services using matched identifiers (including NHS number, date of birth, and sex).

There were 22 deaths for patients with breast cancer and 35 deaths for patients with lung cancer that were only recorded in NCRAS, not the SACT dataset or the NHS Demographics Service. Of these, only three were deaths within 30 days (for patients with lung cancer). 608 patients with breast cancer and 732 patients with NSCLC had conflicting dates of death recorded in the SACT versus NCRAS datasets; this resulted in a conflict about 30-day mortality status (records flagged as death within 30 days in one source but not the other) for 16 patients with breast cancer and 20 with NSCLC.

For 26 patients who died within 30 days of receiving SACT, death certificate data could not be found. The death certificate data may not be timely when inquests or coroner investigations are involved. Additionally, patients dying overseas might never have their date of death recorded in NCRAS, although an embarkation date might be recorded. When conflicting dates of death were recorded in the SACT dataset and NCRAS, we selected the date of death reported in the SACT dataset. One patient with lung cancer in the 30-day mortality group had a different date of birth recorded in the cancer registry, so we used their date of birth recorded in the SACT dataset. For all other patients, NHS number, date of birth, and sex were identical in both databases.

Some trusts reported a high proportion of patients as having received only the first cycle of SACT: 13 trusts that treated 574 patients with breast cancer, and 14 trusts that treated 302 patients with lung cancer, had a very high proportion (\>80%) of patients for whom only the first cycle of SACT was reported. Some of these patients might have had subsequent cycles of chemotherapy that were not recorded in the SACT dataset.

Statistical analysis and explanatory variables {#cesec60}
----------------------------------------------

We examined the association of age, performance status, income deprivation, whether patients had received previous SACT (as recorded in the SACT dataset), and BMI with 30-day mortality after SACT for breast and NSCLC patients. These variables are linked to patient care in a clinical setting in relation to SACT treatment; income deprivation, while not directly linked to patient care, reflects other factors that are---for example, those in low-income areas might be more likely to smoke and have higher levels of comorbidity.

We also examined the association of sex and cancer stage at diagnosis with 30-day mortality for NSCLC patients only. We excluded male patients with breast cancer from our analysis, so did not study the association of sex with 30-day mortality for patients with breast cancer. We also did not examine the association of cancer stage at diagnosis with 30-day mortality for breast cancer because there can be a substantial time interval between diagnosis and SACT treatment for many breast cancer patients (eg, patients who relapse with metastatic disease several years after the initial diagnosis), making this indicator less clinically relevant than for lung cancer.

Income deprivation was not reported directly by NHS hospital trusts in the SACT dataset. Instead, we used patient postcodes, as reported in the dataset, to derive each patient\'s income deprivation score from the English Indices of Deprivation 2010,[@bib15] and assigned patients into five groups from least (group 1) to most (group 5) income deprived. We chose income deprivation over health-related indices, which would have been interrelated with our 30-day mortality outcome measure.

In the dataset there were missing values for performance status and BMI for patients with breast cancer or NSCLC, and stage for NSCLC ([table 1](#tbl1){ref-type="table"}). Inspection of the data showed that for performance status, this was mainly the result of a few trusts not reporting this measure: four trusts reported no performance status data, one of which was a large trust, and 12 trusts had 10% or less completion of performance status data. Therefore, these data were missing not at random (MNAR) at trust level. We assumed data were missing completely at random (MCAR) at the patient level because we found no evidence to the contrary, and these trusts provided care for a range of patients.

Height and weight data (used to calculate BMI) are less likely to be recorded for patients receiving treatments with a fixed dose; however, many patients included in our study received treatments that were dosed according to body surface area or weight, some of whom also had missing height and weight data, which probably obscures this association between BMI and treatment regimen. Additionally, some trusts with low patient volumes (\<400 patients) reported no height or weight data, giving some evidence for an association between BMI and treating trust, although this link is probably weak.

Data for stage at diagnosis were more complete: stage was reported for 10 408 (93%) of 11 199 patients with lung cancer and 13 883 (89%) of 15 626 patients with curative breast cancer, compared with 4159 (55%) of 7602 patients with palliative breast cancer, suggesting that stage at diagnosis data were more likely to be reported when patients had a smaller time interval between diagnosis and last reported treatment. Most patients with breast cancer receiving palliative treatment are likely to be stage IV (the most advanced stage); therefore, clinicians might be less likely to record stage at diagnosis for these patients because it is assumed to be stage IV. Thus, there was evidence of an association between stage at diagnosis and treatment intent.

Because we assumed that performance status was MCAR, and that BMI and stage seemed to be only weakly related to treatment regimen and intent, respectively, we hypothesised that there would be no variables upon which we could base multiple imputation. We tested this by attempting multiple imputation[@bib16] using the ice command in Stata, based on variables of age, sex, intent of treatment, patients not having received any previous SACT as recorded in the dataset from 2012--14 (treatment naive), regimen, income deprivation group, cancer type (breast or lung cancer), treating trust, and death within 30 days.

We used a train-test approach to assess the accuracy of this imputed data, whereby from all known data, we used the multiple imputation algorithm to estimate 1%, 5%, 10%, and 20% of the data in multiple tests. This approach showed the multiple imputation was very error-prone. Based on this finding, we opted to create unknown categories for performance status, BMI, and stage. Because the unknown category consists of data from the remaining categories, this will add noise to the model and reduce statistical power. These unknown categories were also used for risk adjustment in the funnel plot.

Regression analysis and risk-adjustment {#cesec70}
---------------------------------------

We used logistic regression analysis to assess any associations between the explanatory variables and 30-day mortality. We present the results of these logistic regression analyses as adjusted odds ratios (OR) that reflect the effect of each variable in our multivariable regression model, alongside the unadjusted OR and proportion of patients with 30-day mortality. We used Z-tests to examine significance and a p value of 0·01 for statistical significance associated with the OR. We used the collin command in Stata to diagnose co-linearity between variables in the model. For each model, the mean variance inflation factor was lower than 1·04, which suggests that there were no issues with co-linearity between model terms.

We plotted the errors of the residuals in the model, which showed that the variables in our model were equally variable and indicated that the assumptions of our regression model were valid. To select the model that best described our data,[@bib17], [@bib18], [@bib19] we used the Bayesian Information Criterion (BIC) for model comparison. In addition to testing the main effects presented here, we tested models with interactions modelled between age and performance status, age and BMI, and for NSCLC only, sex and performance status, and sex and BMI. In each case, the model fit was inferior.

Analyses were completed separately by cancer type (breast or NSCLC) further separated by treatment intent (curative or palliative) in four regression analyses. The treatment intent was specified at the time the clinicians prescribed SACT. [Panel 2](#box2){ref-type="boxed-text"} provides typical definitions of treatment intent, but these were not specified in the SACT dataset. In some cases individual clinicians might have used slightly different definitions of curative and palliative treatment. In this first analysis of the SACT dataset, we did not do separate regression analyses for each mode of treatment we included as curative ([panel 2](#box2){ref-type="boxed-text"}), because this would have resulted in smaller group sizes and thus lower statistical power.

We compared 30-day mortality rates between the following groups for age, performance status, income deprivations, previous SACT treatment, BMI, sex (NSCLC), and tumour stage at diagnosis (NSCLC). We assessed age as a continuous variable for both patients with breast cancer and those with NSCLC. For performance status, we recorded patients as PS 0 (asymptomatic), PS 1 (symptomatic, still able to carry out light activities), PS 2--4 (symptomatic patients requiring any amount of bed rest during the day, or who were completely bed bound, grouped together because of small patient numbers), and performance status not recorded. For income deprivation, we compared patients in income domain group 3 (the middle level of socioeconomic deprivation based on household income) with those in group 1 (least deprived), 2, 4, and 5 (most deprived). For previous SACT treatment, we compared patients for whom one or more previous systemic anticancer treatments were recorded in the SACT dataset before the qualifying treatment used in this study with patients for whom no previous systemic anticancer treatments were recorded in any year (2012--14) of the database (treatment naive). For BMI, we compared patients with BMI scores in the healthy weight range (BMI 18·5 to \<25 kg/m^2^) with those in the underweight range (BMI \<18·5 kg/m^2^), overweight (BMI 25 to \<30 kg/m^2^), and obese categories (BMI \>30 kg/m^2^), and those for whom BMI information was not recorded. Specifically in patients with NSCLC, we compared male and female patients and tumour stage at diagnosis---patients with stage III NSCLC compared with patients with stage I, II, and IV NSCLC, and, where relevant, patients for whom stage was not recorded.

To generate funnel plots, for every hospital trust, we calculated risk-adjusted mortality rates for breast curative, breast palliative, NSCLC curative, and NSCLC palliative as well as the patient volume treated with SACT for each of these patient categories. The factors included in the risk adjustment were the same as those detailed for the logistic regression analyses (eg, age, performance status, BMI, and stage at diagnosis).

As noted in the methods for multiple imputation, the large number of missing values for performance status were a result of a small number of trusts not providing any performance status information. We used the risk-adjusted mortality rate to create funnel plots using the "funnelcompar" command in Stata, which gave the 95% and 99·8% control limits (dashed lines on the graphs) and the national risk-adjusted 30-day mortality rate (the horizontal line on each graph).

Role of the funding source {#cesec80}
--------------------------

There was no funding source for this study. MWa and SM had access to the raw data; all authors had access to aggregated data and all analyses. The corresponding author had full access to all aggregated data and analyses and the final responsibility to submit for publication.

Results {#cesec90}
=======

Of the patients in the SACT database, 748 (3%) of 29 112 patients with breast cancer and 500 (3%) of 15 545 patients with lung cancer receiving SACT were excluded from the analysis due to missing cycle start dates. The study population size was thus 43 409 patients (28 364 patients with breast cancer and 15 045 patients with lung cancer; [figure 1](#fig1){ref-type="fig"}). Treatment intent was not recorded for 5136 (18%) of 28 364 patients with breast cancer and 2029 (14%) of 15 045 patients with lung cancer; these patients were excluded from the regression and trust-level analyses. Because of lower patient numbers for SCLC (n=3352), we only did the regression and trust-level analyses for patients with NSCLC (11 199 patients including those for whom treatment intent was not recorded). In view of the exclusions, the final cohort for regression and trust-level analyses included 23 228 patients with breast cancer and 9634 patients with NSCLC.

The median patient age was 54 years (IQR 47--64) for patients with breast cancer treated with curative intent; 61 years (51--70) for patients with palliative breast cancer; 67 years (61--73) for patients with NSCLC treated with curative intent; and 68 years (61--74) for patients with NSCLC treated with palliative intent. The [appendix](#sec1){ref-type="sec"} shows the distribution of age, performance status, income deprivation, and BMI by age for patients with breast and NSCLC treated with curative and palliative intent ([appendix pp 2--4](#sec1){ref-type="sec"}).

Data for performance status, a measure of patients\' level of cancer symptoms and general wellbeing,[@bib20] was not reported for 6919 (30%) of 23 228 patients with breast cancer and 2968 (31%) of 9634 patients with NSCLC, for whom treatment intent was recorded. A further 2139 (42%) of 5136 patients with breast cancer and 530 (34%) of 1565 patients with NSCLC, were missing both performance status and treatment intent.

Overall, 30-day mortality was higher for patients with lung cancer (1274/15 045 \[9%\]; [table 2](#tbl2){ref-type="table"}) than patients with breast cancer (700/28 364 \[3%\]; [table 2](#tbl2){ref-type="table"}), and in each treatment intent category (curative, palliative, and unknown; [table 2](#tbl2){ref-type="table"}). 30-day mortality was lowest for patients with breast or lung cancer receiving systemic anticancer therapy for curative rather than for palliative purposes: 41/15 626 (\<1%) versus 569/7602 (8%) for breast cancer, and 70/2429 (3%) versus 1061/10 587 (10%) for lung cancer ([table 2](#tbl2){ref-type="table"}). 30-day mortality was higher for curative SCLC (14/382 \[4%\]) than curative NSCLC patients, (53/1961 \[3%\]) and for palliative SCLC (308/2582 \[12%\]) than palliative NSCLC (720/7673 \[9%\]) patients ([table 3](#tbl3){ref-type="table"}).

Using the information available on death certificates, provided through the Office for National Statistics, cancer was confirmed as the underlying cause of death for 1279 (92%) of 1384 patients with breast cancer or NSCLC dying within 30 days of curative or palliative chemotherapy. For the remaining 105 (8%) of patients, most death certificates mentioned cancer.

[Table 4](#tbl4){ref-type="table"} and the [appendix (p 4)](#sec1){ref-type="sec"} show all results of the regression analysis for patients with breast cancer treated with curative intent. 30-day mortality risk significantly increased with age (OR 1·085, 99% CI 1·040--1·132; p\<0·0001). 30-day mortality was also higher for patients with PS 2--4 compared with those with PS 0, though confidence intervals were large (OR 6·057, 99% CI 1·333--27·513; p=0·0021).

[Table 5](#tbl5){ref-type="table"} and the [appendix (p 5)](#sec1){ref-type="sec"} show results of the regression analysis for patients with breast cancer treated with palliative intent. 30-day mortality significantly decreased with age (OR 0·987, 99% CI 0·977--0·996; p=0·00034). 30-day mortality was higher for patients with performance status 1 (1·956, 1·347--2·839; p\<0·0001) and 2--4 (6·241, 4·180--9·319; p\<0·0001) compared with those with a performance status score of 0. Patients for whom performance status was not recorded also had a higher 30-day mortality than those with PS 0 (2·719, 1·888--3·918; p\<0·0001). Treatment-naive patients receiving palliative treatment had a significantly higher 30-day mortality than those for whom previous SACTs are recorded in the dataset between 2012 and 2014 (OR 2·326, 99% CI 1·634--3·312; p\<0·0001).

[Table 6](#tbl6){ref-type="table"} and the [appendix (p 6)](#sec1){ref-type="sec"} show results of the regression analysis for patients with NSCLC treated with curative intent. As with patients with breast cancer, 30-day mortality significantly increased with age for patients with NSCLC treated with curative intent (OR 1·045, 99% CI 1·013--1·079; p\<0·00033). Treatment-naive patients had significantly higher 30-day mortality than those for whom previous systemic anticancer treatments were recorded in the dataset between 2012 and 2014 (OR 3·371, 99% CI 1·554--7·316; p=0·00033).

[Table 7](#tbl7){ref-type="table"} and the [appendix (p 7)](#sec1){ref-type="sec"} show results of the regression analysis for patients with NSCLC treated with palliative intent. As for breast cancer patients, 30-day mortality decreased with age for patients with NSCLC treated with palliative intent (OR 0·987, 99% CI 0·976--0·998; p=0·0015). 30-day mortality was higher for those with PS 1 (OR 1·452, 99% CI 1·012--2·083; p=0·0078), and PS 2--4 (OR 3·384, 99% CI 2·276--5·032; p\<0·0001) than those with PS 0. Treatment-naive patients had significantly higher 30-day mortality than those for whom previous SACT was recorded in the dataset between 2012 and 2014 (OR 2·667, 99% CI 2·109--3·373; p\<0·0001). 30-day mortality was also significantly higher for patients with stage IV (advanced) than stage III tumours (OR 1·438, 95% CI 1·099--1·883; p=0·00051).

[Figure 2](#fig2){ref-type="fig"}, [Figure 3](#fig3){ref-type="fig"}, [Figure 4](#fig4){ref-type="fig"}, [Figure 5](#fig5){ref-type="fig"} show risk-adjusted funnel plots for different modalities of treatment and cancer type, by hospital trust. We identified hospital trusts that had significantly higher 30-day mortality rates. This included seven trusts for breast curative, four for breast palliative, five for NSCLC curative, and seven for NSCLC palliative.

Discussion {#cesec100}
==========

In our population-based study of English breast and lung cancer patients, 30-day mortality increased with age for both patients with breast cancer or NSCLC receiving curative SACT, and decreased with age for patients receiving palliative SACT. Patients with breast cancer or NSCLC with worse general wellbeing (indicated by higher PS scores) had higher 30-day mortality than those who were generally well (PS 0), and 30-day mortality was also higher for treatment-naive patients than those who had any previously recorded cycles of SACT between 2012 and 2014. Our funnel plots showed that 30-day mortality varied between trusts, with values for some trusts exceeding the 95% control limits. Individual trust data will be discussed in a Public Health England report.

To our knowledge, this is the first time these benchmarks in 30-day mortality after SACT have been established on a national basis. The 2011 national cancer strategy for England proposed 30-day mortality as a potential national clinical indicator of avoidable harm from SACT[@bib21] and it has been used as a clinically relevant indicator for SACT in previously published work.[@bib5] These benchmarks can provide a better understanding of the patient characteristics associated with increased 30-day mortality and start to support improved clinical treatment decision making and identify those hospital trusts where clinical practice and data management should be reviewed.

A particular strength of 30-day mortality as an outcome measure is that it avoids issues with the details and coding of causes of death on death certificates. For example, cancer was the cause of death listed for nearly all patients in our study, including those dying within 30 days of receiving SACT. Therefore, death certificates would not have provided enough detail to assess what factors lead to the patient\'s death. However, we know that patients who die within 30 days of receiving SACT are very unlikely to receive any benefit from it irrespective of what their cause of death was. It is therefore not necessary to know whether death was caused by side-effects from treatment, cancer progression, or any other causes to examine factors that increase the risk of experiencing net harm rather than net benefit from receiving SACT.

The large cohort of breast and lung cancer patients included in the SACT dataset gives confidence that the associations we recorded between a number of variables and higher early mortality in England are real, despite some issues with data completeness, which we expect to improve in subsequent years of data collection.

The large, significant increase in 30-day mortality for treatment-naive patients suggests that particular care and an emphasis on the early reporting of toxic effects should be undertaken in patients who are SACT treatment naive. This approach is consistent with findings of a previous study of the toxic effects from lung cancer treatment.[@bib22] To our knowledge there are no previous studies of treatment-naive status in this context, so we are unable to identify the reasons behind the increased 30-day mortality for these patients.

Our identification of treatment-naive patients relied on treatment records taken from the SACT dataset alone and there are two known data issues reducing the accuracy of this grouping. The database was only implemented in 2012 and made mandatory in April, 2014, so data for previous SACT treatments might be missing for some patients (eg, those who received a previous treatment before 2012). This issue will be most pronounced when there is a long gap between penultimate and last reported treatments---eg, for recurrent tumours. Therefore, we might have overestimated the number of treatment-naive patients. Additionally, the challenge of some trusts only recording patients\' first cycle of SACT means we might be underestimating early mortality from SACT and overestimating the increased risk associated with treatment-naive patients. As data completeness improves in subsequent years, a clearer understanding of the association between treatment-naive status and 30-day mortality will be possible.

30-day mortality increased with age for patients with breast cancer and NSCLC treated with curative intent, perhaps because older patients are generally more frail and less able to tolerate SACT than are younger patients. Conversely, 30-day mortality decreased with age for patients with breast cancer and NSCLC treated with palliative intent, perhaps because older patients are less likely likely than younger patients to accept or be prescribed SACT treatment that might extend their life in favour of other palliative care options to relieve pain or discomfort. Alternatively younger patients might have more aggressive disease with a higher risk of non-iatrogenic cancer mortality.[@bib23]

The finding that 30-day mortality increased with worsening performance status for patients with breast cancer or NSCLC treated with palliative intent could be because patients with poorer general health are less able to tolerate the negative side-effects of SACT compared with healthier individuals, to an extent where the toxic effects outweigh the beneficial effects.[@bib5] These findings suggest great care is required when advising chemotherapy in this patient group.

We noted that 30-day mortality was significantly higher for patients with breast cancer or NSCLC receiving palliative SACT for whom performance status was not recorded compared with those with PS 0. Therefore, patients with no recorded performance status are likely to be mainly a mix of patients with PS 1--4. This result might be because PS 0 is relatively easy to define, but it might be more difficult for clinicians to score the extent of reduced wellbeing.

Our finding that 30-day mortality was lower in women with lung cancer than in men with lung cancer given palliative SACT was expected. Previous data suggest that women with lung cancer are generally diagnosed at an earlier age, with a more localised cancer, and have better survival.[@bib20] However, to our knowledge there have been no specific investigations of early mortality in this context prior to our study, so we are unable at this stage to suggest why sex affects 30-day mortality risk in particular. The increased 30-day mortality for NSCLC patients receiving palliative SACT who had advanced cancers was also expected because these patients are typically less well; although again, no previous studies have, to our knowledge, investigated the effect of cancer stage on early mortality specifically.

The finding that overweight NSCLC patients treated with palliative intent had a reduced 30-day mortality compared with those in the healthy BMI group could be explained by dose-limitation practices. Chemotherapy doses are calculated according to patient height and weight, but smaller doses than this are often given to patients with higher BMI.[@bib24], [@bib25] These practices might reduce short-term mortality in overweight patients. However, long-term survival might be lower for these patients than those with a healthy BMI if the administered dose is not high enough to effectively reduce tumour growth and spread. Research into whether there are longer-term survival differences between overweight and healthy weight patients could help to elucidate whether there is a problem with under-dosing for larger patients. We also noted that underweight patients with NSCLC had higher 30-day mortality compared with those with normal weight. Weight loss is an adverse prognostic factor in lung cancer[@bib26] and could explain this trend, though the difference recorded was non-significant.

The relative risk of overall mortality in obese and overweight patients with breast cancer is increased compared with healthy weight individuals,[@bib27] which suggests that a high BMI itself does not generally confer a significant biological protective effect against mortality. If the effects we recorded are due to dose-limitation or patient weight loss, an association between BMI and 30-day mortality will probably be noted for other cancer types in future reports on the SACT dataset.

For patients with NSCLC treated palliatively with no recorded BMI, 30-day mortality was significantly lower than for those with a healthy BMI, but this reduction in risk was smaller than for overweight and obese patients, suggesting the BMI unknown group is probably mainly a mix of healthy weight and overweight patients. As data completeness improves, we will better understand the distribution of BMI scores amongst patients receiving SACT, and obtain improved estimates of 30-day mortality for each BMI group.

Although we identified several factors affecting 30-day mortality risk, our population-based dataset included only patients that received SACT, so we cannot confirm whether patients would have had better outcomes if they had not received SACT. Similarly we cannot assess whether patients who did not receive SACT might have benefited from treatment. Through more sophisticated links with audit data and other data sources in future, we intend to investigate treatment rates alongside mortality by trust, which would provide some information about outcomes for these patient groups. However, overall, the above findings suggest that efforts need to be made to further study the factors affecting 30-day mortality in England with the objective of developing a clinical decision support tool.

Our data also suggest that 30-day mortality might be higher than previously estimated by several clinical trials.[@bib9], [@bib10] The 30-day mortality rate after SACT with curative intent for NSCLC reported here is high at 3% compared with published trial data for the standard treatments, which suggested that 0·8% of patients died from treatment-induced toxicity when chemotherapy was given as adjuvant treatment alongside surgery.[@bib9] These patients have been assessed as fit enough for radical curative treatment (eg, thoracic surgery with adjuvant systemic anticancer therapy), estimated to increase the average NSCLC 5-year survival by 4--5%, as reviewed by Heon and Johnson.[@bib28] Therefore, the high mortality rate we report here is a concern because it could reduce any benefit from this intervention.

The 30-day mortality rate in breast cancer patients receiving curative SACT under the age of 60 in our dataset was similar to the treatment-related mortality estimated in the UK TACT trial,[@bib10] which included patients in a similar age range. However, 30-day mortality increased with age for patients with breast cancer, and those aged 60--69 years, and 70 years and older had higher mortality than those in the UK TACT trial. This cohort represents a large proportion of patients with breast cancer with higher mortality than is typically reported in clinical trials: 26% of patients with breast cancer diagnosed in England in 2013 were older than 60 years, with incidence peaking between the ages of 65 and 69 years.[@bib29] This might be because clinical trials typically recruit a fitter cohort of patients with a lower disease burden and better performance status than the overall patient population receiving treatment to clearly determine the effects of the interventions under investigation, and to ensure older and less well patients are not put at risk. Patients in trials also tend to receive more intensive support and follow up.

Therefore, our analysis highlights the value of investigating SACT treatment outcomes on a national scale, and shows that findings of clinical trials in selected age cohorts cannot readily be generalised to all patients. Our finding that 30-day mortality is higher in patients with lung cancer than in those with breast cancer matches clinical expectations. Lung cancer often occurs in patients with significant smoking-related comorbidities, which are likely to increase the risk of 30-day mortality,[@bib6] although the lack of available comorbidity data meant that we could not account for them in these analyses. Patient cohort size was insufficient at this stage for analysis of 30-day mortality in patients with SCLC, amongst whom early mortality was high. Future analyses will pool data for multiple years (as it becomes available) to provide sufficiently large patient cohorts to examine the impact of patient and disease characteristics on 30-day mortality from SCLC.

We predicted higher 30-day mortality for patients receiving palliative SACT because these patients are not expected to recover from their cancer and the burden of disease is generally high. However, it remains important to weigh up the important benefits some patients receive from palliative treatment with emerging evidence suggesting that patients prescribed chemotherapy at the end of life overall experience a net reduction in their quality of life.[@bib30], [@bib31] Patient choice is an important factor in these decisions; previous findings showed that patients with cancer were much more likely to accept intensive SACT treatment with only a small chance of benefit compared with doctors and nurses.[@bib32] To help clinicians and patients to make treatment decisions that are most likely to produce the desired outcomes, we must understand the factors affecting the balance between benefits and harms of palliative SACT, which we have started to investigate here. These factors should be a focus of discussions about treatment between patients and their clinicians to allow better informed decisions and improved outcomes.

In future studies based on the SACT dataset, we hope to examine differences in the factors affecting 30-day mortality between subcategories of patients that received curative SACT (adjuvant, neoadjuvant, and curative), which we were unable to do in this initial analysis due to insufficient patient numbers in each sub-category. This analysis will be possible once data on more patients become available in subsequent years.

We also identified several trusts with significantly higher levels of 30-day mortality. We have written to all trusts to inform them of their 30-day mortality rates, and have specifically encouraged outlier trusts to review both their clinical practice and also their data management systems. At present, it is possible that hospital trusts are identified as outliers owing to poor data management practices rather than the delivery of poor clinical care. Analogously, simply because a hospital trust fell within the control limits of the funnel plots, it does not guarantee that each patient received optimal treatment, as data issues may be obscuring instances of suboptimal clinical decision making. It is also possible that hospitals with significantly lower 30-day mortality rates are not tolerating any risk and are treating only the fittest patients, which may have the unintended consequence of not treating patients who could have potentially benefited from receiving SACT. More comprehensive case mix adjustment and better data completeness will, in time, allow national datasets such as the SACT dataset to be used as a performance management tool.

Although we have made some important insights into 30-day mortality using the SACT dataset, some limitations and gaps in reporting still remain. The SACT dataset uses only routinely reported data with no clinical note or pro-forma review. Therefore, the dataset does not include items such as laboratory indicator test results---eg, for liver and renal function, so we are unable to analyse any association between these indicators and 30-day mortality, or use them in risk adjustment models.

At this stage, we did not assess whether drug dosage was appropriate, and whether this was associated with 30-day mortality because this was beyond the scope of our first report. However, analyses of these data in future reports would be valuable, for example in assessing whether SACT regimens are both clinically effective and cost-effective. For some patients, only the first cycle of SACT was recorded. Subsequently, some of those patients probably received subsequent cycles that were not recorded in the dataset, whose absence from the SACT dataset would artificially increase the time between cycle start date and date of death, and lower 30-day mortality. This omission might also artificially increase the risk of 30-day mortality associated with being treatment naive, because later cycles of SACT, and therefore any deaths within 30 days of those later cycles, were not recorded. As shown in [table 1](#tbl1){ref-type="table"}, data for performance status, BMI, and cancer stage was also missing for some patients. Issues with missing data will be resolved through improvements in SACT data reporting by trusts through e-prescribing systems in subsequent years.

Compared with the National Cancer Waiting Times database, the SACT dataset captured 94% and 92% of patients with breast and lung cancer, respectively, reported to have received SACT in 2014.[@bib13] 3% of both patients with breast cancer and with lung cancer receiving SACT were also excluded from the analyses in this report due to missing cycle start dates. Some of these missing data could be due to delayed or phased reporting because the dataset was only mandated from April, 2014 (the proportion of trusts reporting on at least the mandatory data fields was 141 \[95%\] of 148 in January, 2014, but 147 \[100%\] of 147 by July).

Some NHS trusts reported incorrect names for the combinations of SACTs (regimens) given to some confirmed breast and lung cancer patients included in our analyses, which highlights the need for trusts to improve the quality of their regimen data reporting. For some trusts, some patients reported to have died were recorded as having been prescribed SACT that had not actually been given. This error could be because SACT is recorded some time before its administration, and the record might not be updated if treatment is delayed or omitted, which is likely to falsely increase 30-day mortality.

We acknowledge that performance status might not have accurately reflected comorbidity status, which can be associated with socioeconomic deprivation (eg, through a higher prevalence of smoking amongst more socioeconomically deprived patients), which might affect whether these patients receive SACT. Therefore, improved data collection on comorbidity status would enable us to investigate the association between socioeconomic deprivation and 30-day mortality more thoroughly in future.

For the first time to our knowledge, our analysis of the SACT dataset (with linkage to the NCRAS for morphology, stage at diagnosis, and mortality information) gives us important insights into 30-day mortality in a large, representative population of patients with breast or lung cancer receiving systemic anticancer therapy in England. Our data suggest that treatment intent, patient age, performance status, whether patients had received previous systemic anticancer treatments, and sex all affect 30-day mortality risk in this context. There is variation between hospital trusts in the rates of 30-day mortality, with some trusts having significantly higher rates for early mortality. The reasons for this variation require further investigation. Some patients may not have benefited from decisions to give SACT; accurate and complete reporting of SACT data on a national scale is therefore crucial to provide real world information to support clinicians with decision making on treatment, complementing evidence from clinical trial data.
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D05 (breast cancer in situ) and D24 (benign breast cancer), reported for only four patients, are included as it is very unlikely that in situ and benign breast cancers would have been treated with SACT, and more likely that these codes were reported in error.

![Study profile for our analyses in this report\
NSCLC=non-small cell lung cancer. \*The number of excluded patients with NSCLC is not shown here, as the excluded patient group was not traced in the National Cancer Registration and Analysis Service for additional morphology data.](gr1){#fig1}
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###### 

Patterns of missing values in the SACT dataset for PS, stage, and BMI for all patients with breast or NSCLC

                      **Patients with breast cancer (n=23 228**[\*](#tbl1fn1){ref-type="table-fn"}**)**   **Patients with NSCLC (n=9364**[\*](#tbl1fn1){ref-type="table-fn"}**)**
  ------------------- ----------------------------------------------------------------------------------- -------------------------------------------------------------------------
  None                11 787 (51%)                                                                        5492 (59%)
  1: BMI              1203 (5%)                                                                           757 (8%)
  1: Stage            2960 (13%)                                                                          366 (4%)
  1: PS               3345 (14%)                                                                          1756 (19%)
  2: Stage, BMI       359 (2%)                                                                            51 (1%)
  2: PS, BMI          1707 (7%)                                                                           964 (10%)
  2: PS, stage        1113 (5%)                                                                           135 (1%)
  3: PS, stage, BMI   754 (3%)                                                                            113 (1%)

Data are n (%). NSCLC=non-small cell lung cancer. PS=performance status.

These total numbers are patients treated with curative and palliative intents only, and do not include those for whom treatment intent was unknown.

###### 

Summary of 30-day mortality rates in patients with breast or lung cancer by treatment intent

                                              **Total patients**    **30-day mortality**
  ------------------------------------------- --------------------- ----------------------
  Breast, curative                            15 626/28 364 (55%)   41 (\<1%)
  Breast, palliative                          7602/28 364 (27%)     569 (7%)
  Breast, not recorded                        5136/28 364 (18%)     90 (2%)
  Breast, all intents combined                28 364 (100%)         700 (2%)
  Lung (all subtypes), curative               2429/15 045 (16%)     70 (3%)
  Lung (all subtypes), palliative             10 587/15 045 (70%)   1061 (10%)
  Lung (all subtypes), not recorded           2029/15 045 (14%)     143 (7%)
  Lung (all subtypes), all intents combined   15 045 (100%)         1274 (8%)

Data are n (%) of total patients by cancer type and treatment intent; and n (%) of deaths occurring within 30 days of systemic anticancer therapy for each of those groups.

###### 

30-day mortality rates in patients with lung cancer by morphology and treatment intent

                                              **Total patients**   **30-day mortality**
  ------------------------------------------- -------------------- ----------------------
  NSCLC, curative                             1961/11 199 (18%)    53 (3%)
  NSCLC, palliative                           7673/11 199 (69%)    720 (9%)
  NSCLC, not recorded                         1565/11 199 (14%)    94 (6%)
  NSCLC, all intents combined                 11 199 (100%)        867 (8%)
  SCLC, curative                              382/3352 (11%)       14 (4%)
  SCLC, palliative                            2582/3352 (77%)      308 (12%)
  SCLC, not recorded                          388/3352 (12%)       47 (12%)
  SCLC, all intents combined                  3352 (100%)          369 (11%)
  Lung (not recorded) curative                86/494 (17%)         3 (3%)
  Lung (not recorded), palliative             332/494 (67%)        33 (10%)
  Lung (not recorded), not recorded           76/494 (15%)         2 (3%)
  Lung (not recorded), all intents combined   494 (100%)           38 (8%)

Data are n (%) of total patients by lung cancer type and treatment intent; and n (%) of deaths occurring within 30 days of systemic anticancer therapy for each of those groups. NSCLC=non-small cell lung cancer. SCLC=small cell lung cancer.

###### 

Regression analysis results showing 30-day mortality for breast cancer patients treated with curative intent by age, PS, ID, previous SACT (previously treated or treatment naive), and BMI

                                              **30-day mortality (unadjusted %)**                   **Unadjusted odds ratio**   **Adjusted odds ratio (99% CI)**                          **p\>\|z\|**
  ------------------------------------------- ----------------------------------------------------- --------------------------- --------------------------------------------------------- --------------
  Age                                         41/15 626 (\<1%)[\*](#tbl4fn1){ref-type="table-fn"}   1·088                       1·085 (1·040--1·132)[†](#tbl4fn2){ref-type="table-fn"}    \<0·0001
  PS 0                                        14/7565 (\<1%)                                        Reference group                                                                       
  PS 1                                        9/3198 (\<1%)                                         1·521                       1·110 (0·350--3·524)                                      0·81
  PS 2--4                                     5/251 (2%)                                            10·764                      6·057 (1·333--27·513)[†](#tbl4fn2){ref-type="table-fn"}   0·0021
  PS not recorded                             13/4612 (\<1%)                                        1·523                       1·450 (0·522--4·029)                                      0·35
  ID 1, least deprived                        2/3288 (\<1%)                                         0·194                       0·181 (0·025--1·318)                                      0·027
  ID 2                                        12/3534 (\<1%)                                        1·084                       1·053 (0·346--3·204)                                      0·90
  ID 3                                        10/3191 (\<1%)                                        Reference group                                                                       
  ID 4                                        6/2890 (\<1%)                                         0·662                       0·733 (0·194--2·765)                                      0·55
  ID 5, most deprived                         11/2723 (\<1%)                                        1·333                       1·488 (0·499--4·438)                                      0·35
  Previously treated                          35/14 315 (\<1%)                                      Reference group                                                                       
  Treatment naive                             6/1311 (\<1%)                                         1·872                       1·875 (0·560--6·280)                                      0·18
  BMI underweight (\<18·5 kg/m^2^)            1/178 (1%)                                            2·373                       2·897 (0·187--44·840)                                     0·32
  BMI healthy weight (18·5 to \<25 kg/m^2^)   10/4224 (\<1%)                                        Reference group                                                                       
  BMI overweight (25 to \<30 kg/m^2^)         12/4419 (\<1%)                                        1·147                       0·947 (0·311--2·881)                                      0·90
  BMI obese (\>30 kg/m^2^)                    12/4091 (\<1%)                                        1·239                       0·961 (0·302--3·060)                                      0·93
  BMI not recorded                            6/2714 (\<1%)                                         0·934                       0·561 (0·137--2·300)                                      0·29

Data are n/N (%) unless otherwise stated. PS=performance status. ID=income domain. SACT=systemic anticancer therapy. Treatment naive denoted the first recorded SACT (as previously defined) in the database. Previously treated denotes patients for whom previous SACT records exist in the database, preceding their qualifying treatment for this study.

For age, our analysis examined the effect of each 1-year increase on 30-day mortality, so this is the total proportion of breast cancer patients receiving curative SACT who had 30-day mortality.

Significant results.

###### 

Regression analysis results showing 30-day mortality for breast cancer patients treated with palliative intent by age, PS, ID, previous SACT (previously treated or treatment naive), and BMI

                                              **30-day mortality (unadjusted %)**                **Unadjusted odds ratio**   **Adjusted odds ratio (99% CI)**                         **p\>\|z\|**
  ------------------------------------------- -------------------------------------------------- --------------------------- -------------------------------------------------------- --------------
  Age                                         569/7602 (7%)[\*](#tbl5fn1){ref-type="table-fn"}   0·994                       0·987 (0·977--0·996)[†](#tbl5fn2){ref-type="table-fn"}   0·00034
  PS 0                                        74/2075 (4%)                                       Reference group                                                                      
  PS 1                                        163/2513 (6%)                                      1·819                       1·956 (1·347--2·839)[†](#tbl5fn2){ref-type="table-fn"}   \<0·0001
  PS 2--4                                     132/707 (19%)                                      5·235                       6·241 (4·180--9·319)[†](#tbl5fn2){ref-type="table-fn"}   \<0·0001
  PS not recorded                             200/2307 (9%)                                      2·431                       2·719 (1·888--3·918)[†](#tbl5fn2){ref-type="table-fn"}   \<0·0001
  ID 1, least deprived                        127/1695 (7%)                                      1·042                       1·083 (0·760--1·544)                                     0·56
  ID 2                                        141/1833 (8%)                                      1·070                       1·101 (0·780--1·554)                                     0·47
  ID 3                                        112/1558 (7%)                                      Reference group                                                                      
  ID 4                                        108/1371 (8%)                                      1·096                       1·085 (0·752--1·567)                                     0·57
  ID 5, most deprived                         81/1145 (7%)                                       0·984                       0·958 (0·643--1·429)                                     0·78
  Previously treated                          488/7074 (7%)                                      Reference group                                                                      
  Treatment naive                             81/528 (15%)                                       2·422                       2·326 (1·634--3·312)[†](#tbl5fn2){ref-type="table-fn"}   \<0·0001
  BMI underweight (\<18·5 kg/m^2^)            18/178 (10%)                                       1·263                       1·165 (0·580--2·340)                                     0·57
  BMI healthy weight (18·5 to \<25 kg/m^2^)   188/2348 (8%)                                      Reference group                                                                      
  BMI overweight (25 to \<30 kg/m^2^)         160/2140 (7%)                                      0·934                       0·943 (0·702--1·266)                                     0·61
  BMI obese (\>30 kg/m^2^)                    116/1627 (7%)                                      0·890                       0·0885 (0·641--1·222)                                    0·33
  BMI not recorded                            87/1309 (7%)                                       0·830                       0·715 (0·496--1·031)                                     0·018

Data are n/N (%) unless otherwise stated. PS=performance status. ID=income domain. SACT=systemic anticancer therapy. Treatment naive denoted the first recorded SACT (as previously defined) in the database. Previously treated denotes patients for whom previous SACT records exist in the database, preceding their qualifying treatment for this study.

For age, our analysis examined the effect of each 1-year increase on 30-day mortality, so this is the total proportion of patients with breast cancer receiving palliative SACT who had 30-day mortality.

Significant results.

###### 

Regression analysis results showing 30-day mortality for patients with NSCLC treated with curative intent by age, PS, ID, previous SACT (previously treated or treatment naive), BMI, sex, and cancer stage

                                              **30-day mortality (unadjusted %)**               **Unadjusted odds ratio**   **Adjusted odds ratio (99% CI)**                         **p\>\|z\|**
  ------------------------------------------- ------------------------------------------------- --------------------------- -------------------------------------------------------- --------------
  Age                                         53/1961 (3%)[\*](#tbl6fn1){ref-type="table-fn"}   1·045                       1·045 (1·013--1·079)[†](#tbl6fn2){ref-type="table-fn"}   0·00033
  PS 0                                        13/480 (3%)                                       Reference group                                                                      
  PS 1                                        18/809 (2%)                                       0·822                       0·709 (0·272--1·846)                                     0·35
  PS 2-4                                      4/88 (5%)                                         1·678                       1·190 (0·256--5·526)                                     0·77
  PS not recorded                             18/584 (3%)                                       1·138                       0·977 (0·365--2·614)                                     0·95
  ID 1, least deprived                        8/266 (3%)                                        1·181                       1·097 (0·317--3·791)                                     0·85
  ID 2                                        7/380 (2%)                                        0·723                       0·716 (0·202--2·537)                                     0·50
  ID 3                                        11/432 (3%)                                       Reference group                                                                      
  ID 4                                        13/424 (3%)                                       1·204                       1·218 (0·414--3·584)                                     0·64
  ID 5, most deprived                         14/459 (3%)                                       1·198                       1·277 (0·442--3·690)                                     0·55
  Previously treated                          30/1585 (2%)                                      Reference group                                                                      
  Treatment naive                             23/376 (6%)                                       3·232                       3·371 (1·554--7·316)[†](#tbl6fn2){ref-type="table-fn"}   \<0·0001
  BMI underweight (\<18·5 kg/m^2^)            3/68 (4%)                                         1·752                       2·055 (0·369--11·440)                                    0·28
  BMI healthy weight (18·5 to \<25 kg/m^2^)   17/675 (3%)                                       Reference group                                                                      
  BMI overweight (25 to \<30 kg/m^2^)         12/578 (2%)                                       0·824                       0·721 (0·263--1·981)                                     0·41
  BMI obese (\>30 kg/m^2^)                    10/327 (3%)                                       1·214                       1·242 (0·433--3·564)                                     0·60
  BMI not recorded                            11/313 (4%)                                       1·581                       0·947 (0·332--2·700)                                     0·89
  Female                                      19/886 (2%)                                       0·678                       0·655 (0·309--1·388)                                     0·15
  Male                                        34/1075 (3%)                                      Reference group                                                                      
  Stage I                                     5/184 (3%)                                        0·993                       1·045 (0·287--3·810)                                     0·93
  Stage II                                    12/521 (2%)                                       0·842                       0·833 (0·338--2·054)                                     0·60
  Stage III                                   28/1023 (3%)                                      Reference group                                                                      
  Stage IV                                    7/168 (4%)                                        1·522                       1·676 (0·550--5·111)                                     0·23
  Stage not recorded                          1/65 (2%)                                         0·562                       0·517 (0·034--7·944)                                     0·53

Data are n/N (%) unless otherwise stated. PS=performance status. ID=income domain. SACT=systemic anitcancer therapy. NSCLC=non-small cell lung cancer. Treatment naive denoted the first recorded SACT (as previously defined) in the database. Previously treated denotes patients for whom previous SACT records exist in the database, preceding their qualifying treatment for this study.

For age, our analysis examined the effect of each 1-year increase on 30-day mortality, so this is the total proportion of patients with NSCLC receiving curative SACT who had 30-day mortality.

Significant results.

###### 

Regression analysis results showing 30-day mortality for patients with NSCLC treated with palliative intent by age, PS, ID, previous SACT (previously treated or treatment naive), BMI, sex, and cancer stage

                                              **30 day mortality (unadjusted %)**                **Unadjusted odds ratio**   **Adjusted odds ratio (99% CI)**                         **p\>\|z\|**
  ------------------------------------------- -------------------------------------------------- --------------------------- -------------------------------------------------------- --------------
  Age                                         720/7673 (9%)[\*](#tbl7fn1){ref-type="table-fn"}   0·989                       0·987 (0·976--0·998)[†](#tbl7fn2){ref-type="table-fn"}   0·0015
  PS 0                                        73/1354 (5%)                                       Reference group                                                                      
  PS 1                                        237/3051 (8%)                                      1·441                       1·452 (1·012--2·083)[†](#tbl7fn2){ref-type="table-fn"}   0·0078
  PS 2--4                                     151/884 (17%)                                      3·168                       3·384 (2·276--5·032)[†](#tbl7fn2){ref-type="table-fn"}   \<0·0001
  PS not recorded                             259/2384 (11%)                                     2·015                       2·123 (1·476--3·055)[†](#tbl7fn2){ref-type="table-fn"}   \<0·0001
  ID 1, least deprived                        104/1225 (8%)                                      0·857                       0·898 (0·633--1·276)                                     0·43
  ID 2                                        147/1496 (10%)                                     0·948                       1·043 (0·759--1·435)                                     0·73
  ID 3                                        155/1565 (10%)                                     Reference group                                                                      
  ID 4                                        145/1679 (9%)                                      0·872                       0·853 (0·620--1·174)                                     0·20
  ID 5, most deprived                         169/1708 (10%)                                     0·999                       0·964 (0·706--1·316)                                     0·76
  Previously treated                          494/6477 (8%)                                      Reference group                                                                      
  Treatment naive                             226/1196 (19%)                                     2·478                       2·667 (2·109--3·373)[†](#tbl7fn2){ref-type="table-fn"}   \<0·0001
  BMI underweight (\<18·5 kg/m^2^)            43/333 (13%)                                       1·202                       1·141 (0·711--1·830)                                     0·47
  BMI healthy weight (18·5 to \<25 kg/m^2^)   287/2671 (11%)                                     Reference group                                                                      
  BMI overweight (25 to \<30 kg/m^2^)         159/2070 (8%)                                      0·715                       0·706 (0·538--0·925)[†](#tbl7fn2){ref-type="table-fn"}   0·00090
  BMI obese (\>30 kg/m^2^)                    81/1027 (8%)                                       0·734                       0·730 (0·518--1·029)                                     0·018
  BMI not recorded                            150/1572 (10%)                                     0·888                       0·733 (0·545--0·986)[†](#tbl7fn2){ref-type="table-fn"}   0·0070
  Female                                      287/3583 (8%)                                      0·757                       0·733 (0·594--0·905)[†](#tbl7fn2){ref-type="table-fn"}   0·00014
  Male                                        433/4090 (11%)                                     Reference group                                                                      
  Stage I                                     18/313 (6%)                                        0·792                       0·731 (0·377--1·421)                                     0·22
  Stage II                                    25/345 (7%)                                        0·998                       1·019 (0·562--1·850)                                     0·93
  Stage III                                   135/1859 (7%)                                      Reference group                                                                      
  Stage IV                                    488/4556 (11%)                                     1·475                       1·438 (1·099--1·883)[†](#tbl7fn2){ref-type="table-fn"}   0·00051
  Stage not recorded                          54/600 (9%)                                        1·239                       1·207 (0·779--1·873)                                     0·27

Data are n/N (%) unless otherwise stated. PS=performance status. ID=income domain. SACT=systemic anticancer therapy. NSCLC=non-small cell lung cancer. Treatment naive denotes the first recorded SACT (as previously defined) in the database. Previously treated denotes patients for whom previous SACT records exist in the database, preceding their qualifying treatment for this study.

For age, our analysis examined the effect of each 1-year increase on 30-day mortality, so this is the total proportion of patients with NSCLC receiving palliative SACT who had 30-day mortality.

Significant results.

###### Cancer site and morphology codes included in this analysis

Breast cancer: ICD10: C50, D05[\*](#fn2){ref-type="fn"} , D24[\*](#fn2){ref-type="fn"}

Lung cancer (NSCLC): ICD10: C33-C34, C37-C39; Morphology: M8012/3, M8013/3, M8046/3, M8050/3, M8070/3, M8070/6, M8071/3, M8072/3, M8074/3, M8075/3, M8140/3, M8140/6, M8200/3, M8240/3, M8246/3, M8249/3, M8250/3, M8253/3, M8255/3, M8260/3, M8263/3, M8310/3, M8370/3, M8470/3, M8480/3, M8481/3, M8490/3, M8520/3, M8550/3, M8560/3, M8574/3, M8575/3

Lung cancer (SCLC): ICD10: C33-C34, C37-C39; Morphology: M8002/3, M8041/3, M8042/3, M8044/3, M8045/3

Lung cancer (unknown morphology): ICD10: C33-C34, C37-C39; Morphology not recorded

###### Typical definitions of curative and palliative intent used in this study, as recorded by trusts in electronic prescribing systems

**Curative modes of treatment**

1Adjuvant: given after surgery to reduce the chance of the cancer spreading or coming back2Neoadjuvant: given before surgery to shrink a tumour and make surgery possible or less disfiguring3Curative: given alone without other forms of treatment to try to cure the cancer completely

**Palliative modes of treatment**

1Palliative: given to maintain or improve the quality of life for patients with advanced incurable cancer for as long as possible, by controlling the growth of a cancer and providing symptom relief

[^1]: Both authors contributed equally
